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Calorimetric measurement of ionizing radiation (5)

(Absorbed dose of Cs-137 gamma-rays and electrons from betatron)

Suoh Sakata

Physics division, National Institute of Radiological Sciences, Anagawa, Chiba-shi, Japan

Resa-afdg Code No.: 203
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A measurement of the ratio of absorbed dose in carbon calorimeter to ionization in a carbon ioniza-

tion chamber exposed to Cs-137 gamma-rays and electron from betatron with the initial energy of 15 and

25 MeV is described. The calorimeter is of the twin isothermal type with thermistor as temperature

sensitive element, and this is able to measure the local absorbed energy. The shape of chamber was de-

signed to be similar to that of calorimeter so that the ionization at a point of carbon corresponds to the

absorbed energy measured by calorimeter at the same point. With Cs-137 gamma-rays, the stopping

power ratio of carbon to air was calculated to be 1.011 from the ratio of absorbed dose to ionization as-

suming that W = 33.73 per ion pair. The stopping power ratios for electrons at various depths in car-

bon were obtained using mean electron energies which were derived from Harder’s formula. The agree-

ment between experimental and theoretical values is reasonably good.
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Fig. 1. Cross sectional view of carbon calorimeter.
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Table 1. Composition of calorimeter absorber

Component IWeight(gﬁ Fraction
Graphite 7.0240 | 0.9963
Araldite 0.0077 0.0011 -
Heater and its leads 0.0092 0.0013
Thermistor and its leads | (0.0092 : 0.0013

Total 7.0501 1.0000
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Fig. 2. Electrical calibration circuit of calorim-
eter. Power supply, mercury cell; Rv, variable
resistor; Rs, standard resistor; D.V., differenc-
ial voltmeter; H, heater of absorber.
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Fig. 3. Cross sectional view of carbon chamber.
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Fig. 4. Arrangement of apparatuses for calorim
etric measurement.
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Table 2. The measured value with calorimeter
and ionization chamber for Cs-137 gamma-rays
and mean stopping power ratio of carbon to
air calculated from them, The error of stop-
ping power ratio includes the uncertainty in
W which is  33.73+0.44%.
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Fig. 5. Absorbed dose and ionization! by depth
in carbon for 25 MeV electrons.

TCEISE A TR B MEN B S, L L, Harder®
EREPHIEREE S S A Sk b BT ©
B=A A F R LTCHE L b O THAERDE
haER<Twb, TOBFHOFE= 5 L5 —
Em 135
Em=E, (1—d/Rp)

ThHExbhD. 22T Ey ik Af=dka¥—, d
RE, Rp WEWHEFRECTHD. -2 te
VIDHBTAETRR - vl e=2—8

623—(51)

T T T T

18 - .
£ = 15 MeV

~ 15[ oo .

il 0

£ W \o ]

5 \

= —0-8—g

g 12 ~ A

g N

g wf \ .

i o

i s 1

£ 6 .

g -

§ 4 / h) .

CALORTMETER
= 2k TONIZATION i
1 1 1 1

2.0 4.0 6.0 8.0
DEPTH I CARBON (s/cx?)

Fig. 6. Absorbed dose and ionization by depth
in carbon for 15 MeV electrons.
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Table 3. The measured values with calorimeter and jonization chamber for 25MeV electrons,
and the mean stopping power ratios of carbon to air calculated from them. The ermor of
stopping power ratio includes the uncertainty in W which is 33.7340.44%,

Depth in carbon A, Calorimeter B.cizt:;zbs:rion A/B E’;Or :g:‘ln%c,p:‘i:m ratio,
gfem? rads/moni. V. ﬁ:u{'ﬁ:‘- rads
moni. V. esu/cc
1.70 13.294- 1.3% 17.98% 0.6% 0.739zk 1.4% 0.850% 1.5%
2.21 13.314= 0.8% 17.94% 0.6% 0.742=F 1.0% 0.854zF 1.1%
4.42 12.534- 1.4% 16.27+ 0.7% 0.770% 1.6% 0.886 1.6%
4.76 12.694 1.7% 16.89+ 0.9% 0.7514 1.9% 0.864% 2.0%
6.12 1564 3.1% 15.02% 0.6% 0.770% 3.2% 0.886% 3.2%
7.14 10.903= 2.4% 13.89+ 0.9% 0.785% 2.5% 0.903% 2.6%
9.18 8.484: 2.6% 10.47+ 0.6% 0.810%+ 2.6% 0.932% 2.7%
10.54 5.244 2.7% 6.87% 0.6% 0.7634- 2.8% 0.878= 2.8%
13.60 1.344- 5.0% 1.76+ 2.1% 0.7594 5.4% 0.873% 5.4%
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Table 4. The measured values with calorimeter and jonization chamber for 15 MeV electrons,
and the mean stopping power ratios of carbon to air calculated from them. The error of
stopping power ratio includes the uncertainty in W which is 33.7340.44%.

Depth in carbon A. Calorimeter B.c}_](:ﬁ;ltrion A/B E::gg‘lnn%opg};\;er ratio,
gfcm? rads/moni. V. _Saujoe -
1.70 12.48+ 0.8% 16.04% 0.6% 0.778x 1.0% 0.805% 1.1%
2.21 12.51+ 1.1% 15.98+ 0.6% 0.783% 1.2% 0.901+ 1.3%
3.06 12.39+ 0.8% 15.53+ 0.6% 0.798% 1.0% 0.918+ 1.1%
4.42 10.92+ 1.5% 13.72%+ 0.6% 0.795+ 1.6% 0.915+ 1.6%
5.78 7.08% 1.7% | 8.43+ 0.8% 0.840% 1.9% 0.967+ 1.9% |

100 } 15 Me¥ } 25 MeV -

0.8

ik 15 NV ~ :
25 HeV
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0,85 =

2.0 4.0 6.0 B0 10,0 120 140

HEAN STOPPING POWER RATIO. CARBON TO AIR

DEPTH IN CAREON (a/en)

Fig. 7. Mean stopping power ratio, carbon to
air, as a function of depth for 15 and 25 MeV
electrons.  The real lines show those calculat-
ed from Harder’s formula.
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Table 5. Systematic errors in measurement
of rads per esufcc

Type of error percent

Current measurement of calibration 0.11
Resistance measurement of calibration | (.05
Mass of absorber 0.08
Volume of ionization chamber 0.52
Calibration of capacitor 0.05
Pressure measurement 0.01
Temperature measurement 0.03
Voltage measurement of ionization 0.05
chamber

IR B AR L OBERET X hRkDdBHDT
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